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INTRODUCTION 
The e f f e c t  of envi ronmenta l  g r o c s s s  on tuna a v a i l a b i l i t y  i s  
be ing  more and more coi ls idered i n  c u r r e n t  p o p u l a t i o n  dynamics s t u -  
d i e s .  Dynamic changes of oceanographic  pa rame te r s  could  sometimes 
expla i i l  h igh  v a r i a b i l i t y  i n  popu la t ion  abundance vhich  i s  not  pre-  
clictecl by p roduc t ion  models. For i n s t a n c e ,  i n  E a s t e r n  A t l a n t i c ,  
cluriiig 1984 f i r s t  ha l f -yea r ,  abnorinal h igh  h e a t  c o n t e n t  of t h e  
s u r f a c e  l a y e r s  and deep thermocl ine  are  notr cons ide red  as  a major 's 
cause  of t h e  d r a s t i c  d e c l i n e  of pu r se  s e i n e  c a t c h  ra tes ,  s i n c e  few 
c o n c e n t r a t i o n s  of t una  were s i g h t e d  i n  t h e  u s u a l  f i s h i n g  grounds 
(FOI~ITENEAU, comm. pe r s . )  . 
With r e s p e c t  t o  tuna  p o p u l a t i o n ,  wre could  consicier t h e  environ-  
mental  changes are l i k e l y  t o  a f f e c t  r e c r u i t m e n t  , a v a i l a b i l i t y  and 
v u l n e r a b i l i t y  t o  t h e  f i s h i n g  g e a r s .  S t rong  wincls induce  a mixing of 
tlie s u r f a c e  l a y e r s  t h a t  d i s p e r s e  t h e  p l a n k t o n i c  p r e y s ,  a b a s i c  food 
f o r  j u v e n i l e s  t una .  I n  the  P a c i f i c  Occan, FORSBERG and MILLER (1978) 
evidenced il r e c i p r o c a l  re la  t i o n s h i p  be  tween t h e  mixing index  (cube 
of s u r f a c e  wind speed)  and the  cohor t  s t r e n g t h  of s k i p j a c k  tuna.  I n  
tlie o t h e r  hand, E l  Nino even t  seems t o  induce  a p o s i t i v e  e f f e c t  on 
l a r v a e  s u r v i v a l  i n  t h e  Eastern P a c i f i c  Ocean. High r ec ru i tmen t  
l e v e l s  were observed  i n  1 9 7 1 ,  1974, 1978 and 1985, whi le  E l  Nino 
s i t u a t i o n s  hac1 occured  2 y e a r s  b e f o r e  ( I A T T C ,  1 9 8 7 ) .  Besicle t h e  pos- 
s i b l e  s t o c k  - r e c r u i t m e n t  r e l a t i o n s h i p s ,  v a r i a t i o n s  i n  a v a i l a b i l i t y  
and v u l n e r a b i l i t y  of tuna  schoo l s  can be ï e l a t e d  wi th  t h e  c u r r e n t  
ocean ic  c o n d i t i o n s  , which i s  t h e  purpose  of t h i s  paper .  
We a n a l y s e  t h e  f i s h i n g  success  r eco rded  by p u r s e  s e i n e r s  d u r i n g  
t h e  c e s s a t i o n  of t h e  southwest  monsoon, i n  t h e  Somali  Bas in ,  accor -  . 
d ing  t o  wind and te inpera ture  p a t t e r n s  observed  i n  t h e  f i s h e r y .  Addi- 
t i o n a l  parameters  measured d u r i n g  a r e c e n t  cruise  p rov ide  an g e n e r a l  
d e s c r i p t i o n  of t h e  h y d r o l o g i c a l  c o n d i t i o n s  promoting c o n c e n t r a t i o n  
of t una  i n  t h i s  area.  
1 - PHYSICAL AND BIO-CHEMICAL ENVIRONMENT 
I n  I n d i a n  ocean ,  t h e  Somali b a s i n  i s  t h e  a r e a  where t h e  s t r o n -  
g e r  v a r i a b i l i t y  of ocean ic  pa rame te r s  cali be obsel-ved between t h e  
two inaiii s easons ,  t h e  n o r t h e a s t  and t h e  southwes t  nonsoons. The f o r -  
m'er t a k e s  p l a c e  froiii December t o  Narch, t he  l a t t e r  from June t o  
September, The re fo re  t h i s  r e g i o n  i s  of prime i n t e r e s t  t o  s t u d y  t h e  
e f f e c t  of envi ronmenta l  c o n d i t i o n s  on b i o l o g i c a l  product ion .  
S e v e r a l  oceanographic  c ru ises .  were c a r r i e d  o u t  i n  t h e  Somali  
b a s i n  i n  t h e  p a s t  y e a r s .  The major c o n t r i b u t i o n s  a r e  g iven  by t h e  
I n t e r n a t i o n a l  I n d i a n  Ocean Exped i t ion  (1964) , t h e  Global  Atinosphere 
Research Prograinìne (1979) and SINODE c r u i s e s  ( s t i l l  on p r o g r e s s ) .  
The l a t e s t  campaigns considerecl were macle by two French v e s s e l s !  a 
purse  s e i n e r  MASCARO1 (15-22 S e p t & h ï  1987)  and t h e  R / V  A L I S  which 
comyleted t h e  INDOTHON O 1  c r u i s e  (1-17 October  1 9 8 7 ) .  Main o b j e c t i -  
ves  of t h i s  c r u i s e  were t o  mark o f f  t h e  s p r e a d  of waters upwelled 
a long  t h e  Somali  c o a s t  du r ing  t h e  3 p rev ious  inonths and t o  coinpare 
t h e  f i s h i n g  s u c c e s s  of t h e  pu r se  s e i n e r s  w i t h  t h e  h y d r o l o g i c a l  pa t -  
t e r n s .  Complementary tempera ture  ineasurements made i n  t h e  a r e a  were 
provided  by t h e  TOGA s u b s u r f a c e  d a t a  c e n t r e  s e t t l e d  ' i n  Brest, 
France.  
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1.1 - General  c o n d i t i o n s  
During t h e  s o u t h v e s t  monsoon, s t r o n g  winds blow i n  th2  Western 
I n d i a n  ocean (speed  over  20 k n o t s ) .  Along Somali  c o a s t ,  t h e  wind 
s t rcss  induces  an i n t e n s e  upwell ing.  That ocean ic  response  i s  very  
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qu ick  a t  t h e  onse t  of t h e  monsoon; t h e  sea s u r f a c e  t empera tu re  (SST) 
p a t t e r n  i s  modif ied w i t h i n  one weel;. The lowes t  t empera tu re  recorded  
range  from 13O t o  17OC i n d i c a t i n g  t h e s e  wa te r s  are  uprrelled from 100  
t o  200 m dep th .  The upwel l ing  shows g r e a t e r  e x t e n s i o n  a long  t h e  
c o a s t  i n  two a r e a s ,  4 O - 5 O N  and 10°I'l ( f i g . 1 )  where t h e  s u r f a c e  cur -  
r e n t s  a r e  d e v i a t e d  o f f  s h o r e  and c r e a t e  two a n t i c y c l o n i c  gy res  ( f i a .  
2). The n o r t h e r n  gy re  i s  found between t h e  two upwelled c o l d  p a t -  
ches .  The s t r o n g  Somali  c u r r e n t  (up t o  7 knots  nea r  Ras Asir) c rea -  
t e s  a s h a r p  g r a d i e n t  of t h e  g e o p o t e n t i a l  topography from t h e  s h o r e  '. '* 
t o  t h e  open ccean.  I n  J u l y  and August,  a long  10°N, t h e  dynamic 
h e i g h t  i n c r e a s e s  a s  much a s  50 cm w i t h i n  a s h o r t  d i s t a n c e  , l e g s  than  
G O O  n a u t i c a l  miles ( W Y R T K I ,  1971). A s  a comparison, normal s i t u a t i o n  
i n  P a c i f i c  ocean i s  65 cm between 80°w and l G O o l i  (7200 n a u t i c a l  
miles) a long  t h e  Equator .  By t h e  end of t h e  monsoon, t h e  wind stress 
d2c reases  and t h e  upwel l ing  weakens. Hoirever , t h e  n o r t h e r n  gy re  i s  
s t i l l  observed  u n t i l  t h e  beginii ing of  t h e  f o l l o w i n g  n o r t h e a s t  mon- 
s o m  ( B R U C E  e t  al., 1981). 
The s u r f a c e  c i r c u l a t i o n  h a s  a g r e a t  e f f e c t  on s u b s u r f a c e  t h e r -  
mal s t r u c t u r e .  Due t o  a convergence,  t h e  mixed l a y e r  i s  t h i c k  ( t h e r -  
mocl ine a t  120 m d e p t h )  i n  t h e  middle of t h e  gy re  and becomes more 
reduced a t  t h e  boundary (40  t o  50 m d e p t h ) .  I n  pos t -upwel l ing  s i t u a -  
t i o n ,  t h e  the rma l  s t r u c t u r e  undergo a g r e a t  change. A monthly ana ly-  
s i s  made from August t o  Noveinher a long  3 l a t i t u d i n a l  b e l t s  (from 0' 
t o  loo Bl) shows t h a t  bo th  dep th  of mixed l a y e r  and dep th  of maximal 
thermal  g r a d i e n t  d r a s t i c a l l y  r i s e  up i n  September and October ,  wh i l e  
occur s  tlic? wind r e l a x a t i o n  I f  i q .  3 )  . 
p 1 an !i t on i c d i  s t r i II u t  i on s ar e c 1 o s  e 1 y r e 1 a t  ed 
v i t h  t h e  upt re l l ing  a c t i v i t y .  In 1379, maximum n i t r a t e  and ch loro-  . .  
phyl le -a  c o n t e n t s  ;fere measured w i t h i n  t h e  c o a s t a l  c o l d  pa t ches .  The 
g r e a t e r  development of t o t a l  biomass i n c l u d i n g  zooplankton  was loca -  
t e d  on t h e  s o u t h  bound of t h e  n o r t h e r n  gyre .  These v a r i o u s  d i s t r i b u -  
t i o n s  a r e  summarized i n  f i g . 4 .  
The ~ i u  t i: i sii t aiid 
1 . 2  - Coiidit ioiis  met i n  September-October 1987 
The two cruises c o n s i d e r e d  took p l a c e  d u r i n g  t h e  c e s s a t i o n  of 
t h e  summer monsoon. A \rind r e l a x a t i o n  occured by t h e  end of Septem- 
b e r  s o u t h  of G O N  bu t  s u r f a c e  c o n d i t i o n s  were r a t h e r  similar i n  t h e  
n o r t h e r n  r eg ion .  A c l e a r  ev idence  of a remaining upwel l ing  a c t i v i t y  
a t  lloM appea r s  i n  f i ~ r . 5 ,  whereas t h e  s o u t h  p a t c h  (40-S0N) had 
a l r e a d y  d i sappea red .  On t h e  e q u a t o r ,  h igh  ss t  was measured (over 
3c)OC). Th i s  o b s e r v a t i o n  was confirmed on TOGA biweekly a n a l y s i s  tem- 
p e r a t u r e  maps and a 2 O C  p o s i t i v e  anomaly was e s t i m a t e d .  The n o r t h e r n  
gyre i s  well d e p i c t e d  by s u r f a c e  d r i f t  and topography of t h e  2OoC 
i so the rm ( f i g . 6 ) .  The converg ing  t r a n s p o r t  causzd  an i n t e n s e  deepe- 
n ing  of t h e  the rmoc l ine .  An XBT s e c t i o n  made between 12ON - 52OE and 
loos - 50°E ( f i g . 7 )  shows t h e  g r e a t  v a r i a t i o n  of t h e  dep th  of mixed 
l a y e r  a t  10°IJ and 3°N, r e s p e c t i v e l y  n o r t h  and s o u t h  bounds of t h e  
gyre .  Along t h e  c o a s t ,  s a l i n i t y  of t h e  upwelled wa te r s  p a r t i a l l y  
o r i g i n a t i n g  frorn i n t e r m e d i a r y  a n t a r c t i c  waters v a s  less than  35.4 96, 
. Sur face  s a l i n i t y  i n c r e a s e d  d r a s t i c a l l y  towards t h e  e a s t  where i t  
reached  values i n  e x c e s s  of 36.2 probably  due t o  p r e v a i l i n g  eva- 
p o r a t i o n  ove r  r a i n f a l l  i n  t h e  Arabian Sea. Between 10°N and 12°N, a 
s h a r p  s a l i n e  g r a d i e n t  i s  a s s o c i a t e d  wi th  t h e  the rma l  f r o n t  caused by 
t h e  u p v e l l i n g  ( f i g . 8 ) .  
The h i g h e s t  d i s s o l v e d  oxygen l e y e l s  (4 .2  m l / l )  and t h e  lowes t  
n i t r a t e  c o n t e n t s  ((5 p a t g / l )  a t  100 in depth  were found i n  t h e  g y r e  
( f i g . 9 ) .  The p i l i p g  up of surface waters induces  a deepening of bo th  
o c y c l i n e  and n i t r a c l i n e .  Plumes wi th  h igh  n i t r a t e  con ten t s '  ( ) 20 
y a t g / l )  were observed e a s t  of t h e  gy re  ( f i g . 1 0 ) .  Chlorophyl le -a  con- 
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c e n t r a t i o n  remained below 0.8 mg/l i n  t h e  whole area and no major 
g r a d i e n t  Tras n o t i c e a b l e  , a consequence of t h e  wide d i s p e r s i o n  of 
phy top lank ton ic  c e l l s  by t h e  c u r r e n t s  d u r i n g  t h e  monsoon. Bulk of 
zooplankton was c o n c e n t r a t e d  i n  t h e  gy re  ( ave rage  : 2.7 g.dyy/m2 r 
i n  0-200 .m l a y e r ) ,  which i s  similar t o  t h e  p a t t e r n s  d e p i c t e d  i n  
1 9 7 9 .  O l i g o t r o p h i c  c o n d i t i o n s  p r e v a i l e d  e a s t  and s o u t h  of t h e  surve-  
yed area Cfig.11) .  
2 - THE PURSE SEINE FISHING ACTIVITY. '. ? 
In t h e  Somali  b a s i n ,  pu r se  s e i n e  f i s h i n g  a c t i v i t y  s tar ts  by inid 
-August and l a s t s  u n t i l  November ( f i g . 1 2 ) .  The c a t c h  r a t e s  recorded  
by t h e  f l e e t s  a r e  among t h e  h i g h e s t  i n  t h e  y e a r  (25  t o  35 t / d a y ,  on 
a f o r n i g h t l y  b a s i s ) .  Except d u r i n g  t h e  l a t e s t  f i s h i n g  season  (1987) , 
t h e  h i g h e s t  cpue a r e  observzd i n  October .  90% of t h e  c a t c h  a r e  made 
on d r i f t i n g  l o g s .  The months of Senteinber and October  r e p r e s e n t  20% 
t o  27% of t h e  t o t a l  c a t c h  of t h2  yea r  ( i . e .  more than  25 O00 mt). 
The dominant s p e c i e s  i s  s k i p j a c k  tuna.  
I n  p u r s e  s e i n e  tuna  f i s h i n g ,  t h e  wind i s  a s e v e r e  l i m i t a t i o n  
s i n c e  hand l ing  t h e  ne t  i n  rough s e a  i s  tough and dangerous f o r  t he  
crew. Ve computed boat-day s t a t i s t i c s  (maximum c a t c h ,  maximum number 
of s e t s ,  mean c a t c h ,  mean number of s e t s )  c o n s i d e r i n g  t h e  whole 
f l e e t  and compared them wi th  r e g a r d  t o  wind s t r e n g t h .  R e s u l t s  i n  
Table  1 show t h a t  t h e  g r o s s  f i s h i n g  a c t i v i t y  exp la ined  by t h e  c a t c h  
and t h e  number of s e t s  g l o b a l l y  d e c r e a s e s  when t h e  wind s t r e n g t h e n s .  
With r e s p e c t  t o  the  c a t c h ,  a drop  o f f  occu r s  f o r  wind i n  excess  of 
10 lrnots.  The v a r i a n c e  is s t r o n g  i n  windy c o n d i t i o n ,  t h a t  r e f l e c t s  
m ~ r e  ancl more hazardous  succsss i s  expec ted  a s  t h e  s e a  becomes TOU- . 
gher  and rougher .  During t h e  c e s s a t i o n  of t h e  monsoon, t h e  opera-  
t i o n a l  c a p a b i l i t y  of t h e  f l e e t  i s  improving week a f t e r  week. 
3 - ANALYSIS OF CATCH RATES VERSUS SURFACE 
AND SUBSURFACE CONDITIONS 
3 .1  - Environmental  pa rame te r s  
We col i s ider  t h r e e  parameters :  s u r f a c e  wind speed ,  s e a  s u r f a c e  
t empera tu re  and dep th  of thermocl ine .  With r e s p e c t  t o  t h e  two f i r s t  
ones ,  a common s o u r c e  of d a t a  i s  t h e  message s h i p s  provided  by mer- 
chant  v e s s e l s  th rough Global  Telecommunication System (GTS) . How- 
v e r ,  we p r c f e r e d  t h e  similar d a t a  c o l l e c t e d  on boarcl pu r se  s e i n e r s  
because  t h e y  show a b e t t e r  homogeneity and t h e y  d e p i c t  q u i t e  accu- 
r a t e l y  t h e  s u r f a c e  c o n d i t i o n s  a t  t h e  time and l o c a t i o n  of f i s h i n g  
o p e r a t i o n s .  The r e c o r d s  a r e  made once o r  twice  a day  by each f i s h i n g  
v e s s e l .  Subsur face  clata come from XBT l aunches  made by t h e  pu r se  
s e i n e r s  themselves  and from a h i s t o r i c  d a t a  c o l l e c t i o n  based on 
s e v e r a l  thousands of v e r t i c a l  p r o f i l e s  (XBT,  CTD and o t h e r s ) .  
3 .2  - Abundance and f i s h i n u  success  i n d i c e s  
Two major pa rame te r s  are ana lysed  : c a t c h  p e r  s e t  and c a t c h  pe r  
s u c c e s s f u l  s e t .  They r e f l e c t  d i f f e r e n t  a s p e c t s  of t h e  r e s o u r c e  ava i -  
l a b i l i t y  s ta tus  : 
- t h e  c a t c h  p e r  s e t  i s  a g r o s s  index  of t h e  a c t u a l  a v a i l a b i l i t y  of 
t una ;  i t  does no t  i n c l u s e  t h e  v u l n e r a b i l i t y  of t h e  schoo l s  t o  t h e  
g e a r  s i n c e  all se ts  a r e  cons idered .  
- t h e  c a t c h  ue r  s u c c e s s f u l  s e t  e x p l a i n s  t h e  schoo l  s i z e  o r  a t  
l e a s t ,  the  c a t c h a b l e  p a r t  of t h e  s c h o o l s ,  ancl t a k e s  i n t o  account  
t h e  i r  vu 1 ni? r ab i 1 i t  y.  
These f a c t o r s  a r e  c a l c u l a t e d  f o r  log-schools  f i s h i n g  a c t i v i t y  
which c o n t r i b u t e  t o  90% of t h e  t o t a l  c a t c h  and a l s o  f o r  bo th  l o g  and 
f ree-schools  c a t c h  combined. 
3 .3  - General t r e n d  
The s u r f a c e  ocean ic  and f i s h i n g  d a t a  a r e  f i r s t  d i s t r i b u t e d  i n t o  
5 O  quadrangle  / 2 weeks s t r a t a  i a  o r d e r  t o  o b t a i n  mean va lues  f o r  ' 
each parameter  i n  each s t r a tum.  
A f i r s t  g l ance  a t  f i g . 1 3  p o i n t s  out  1 ) a  r e c i p r o c a l  r e l a t i o n s h i p  
lietween wind speed and SST a t  t h e  c e s s a t i o n  of the  monsoon ( t h e  wind 
weakens ancl t he  SST i n c r e a s e s  as t h e  upwell ing d i s a p p e a r s )  and 2 )  non 
l i n e a r i t y  between f i s h i n g  and environmental  paraineters  t h a t  r e v e a l  
t h e  concept of op t ima l  environmental  window promoting f i s l i ing  
success .  
3 .4  - F i s l i i n y  s u c c e s s  - surf ace c o n d i t i o n s  recrression a n a l y s i s  
Because of non normal d i s t r i b u t i o n s  and t h e  use of semi - 
q u a n t i t a t i v e  s c a l e  f o r  t h e  wind (Beaufo r t )  I Spearman rank c o r r e l a -  
t i o n  c o e f f i c i e n t s  v e r e  choosea.  The rnaxiinuin y i e l d  ( G O  t / se t )  i s  
recorded  i n  t he  quadrangles  no 7 and 8 where a h ighe r  upwell ing 
, i n t e n s i t y  p r e v a i l s  du r ing  t h e  moiisoon ( f i g . 1 4 ) .  The ca t ch  pe r  s e t  
t r e n d  i s  v e r y  clif f e r e n t  f roin one quadrangle  t o  ano the r .  
Two ]:i!ids of c o r r e l a t i o n  a r e  c a l c u l a t e d :  1) d i r e c t  c o r r e l a t i o n s  
betveeii  f i s l i i ng  and s u r f a c e  parameters  i n  tlie salili3 sgace  and time 
s t r a t u m  and 2 ) c r o s s  c o r r e l a t i o n s  i n c l u d i n g  a 2 weeks t ime l a g  b e t -  
ween t h e  v a r i a b l e s  i n  t he  same 5 O  quadrangle  ( i . e .  SST and wind 
speed a t  f o r t n i g h t  Q ve r sus  c a t c h  r a t e s  a t  f o r t n i g h t  Q + 1 ) .  R e s u l t s  
a r e  e x h i b i t e d  i n  Table  2 .  
D i r e c t  c o r r e l a t i o n s  l e a d  t o  a s i n g l e  s i g n i f i c a n t  r e s u l t  between 
g l o b a l  c a t c h  per  s e t  ( l og - schoo l s  4- f r e e - s c h o o l s )  and SST. Catch per  
s e t  i s  n e g a t i v e l y  r e l a t e d  t o  tlie SST. A l l  o t h e r  combinat ions remain 
vrithout any c o r r e l a t i o n .  I n  t h e  o t h e r  hand, c r o s s  c o r r e l a t i o n s  a r e  
h i g h l y  s i g n i f i c a n t  (2 .5% ( a ( 1%) with  c a t c h  per  s e t  and ca t ch  pe r  
s u c c e s s f u l  s e t .  They i n d i c a t e  t h a t  b u r s t  of wind and s u r f a c e  c o o l i n g  
enhance t h e  p roduc t ion  2 weeks l a t e r .  I n v e r s e l y ,  v ind  r e l a x a t i o n  and 
a s s o c i a t e d  s u r f a c e  h e a t i n a  a r e  fol lowed by a d e c r e a s e  of t h e  a v a i l a -  
b l e  r e source  and the. s choo l  s i z e .  
' 1. 
3 - 5  - Outimal envi ronmenta l  window of s u r f a c e  c o n d i t i o n s  
f o r  f ishincr s u c c e s s  
A t r i d i m e n s i o n a l  r e p r e s e n t a t i o n  of c a t c h  pe r  s e t  and c a t c h  per  
s u c c e s s f u l  s e t  (grouped i n t o  1 0  t c l a s s e s )  ve r sus  wind speed and SST 
drzpicts an op t ima l  range  of su r f  ace  c o n d i t i o n s  e n c l o s i n g  t h e  maximum 
occurence of each y i e l d  c l a s s .  The r i d g e  ex tends  between 25OC and 
27OC i n  tempera ture  and betpreen 2 t o  3 Beaufor t  i n  wind ( f i g . 1 5 ) .  
Another d e l i m i t a t i o n  of t h e  opt imal  environinental  wiiidow i s  
shotin i n  f i g .16 .  The whole d o t t e d  a r e a  c o n t a i n s  t h e  c a t c h  per  s e t  
va lues  i n  excess of 40 t : t h i s  e s t i m a t e  o f  t h e  maximum a v a i l a b l e  
r e source  narrows a long  t h e  f i s h i n g  season .  The da rk  a r e a  i n c l u d e s  
t h e  ca t ch  p e r  s u c c e s s f u l  s e t  h ighe r  than  50 t .  The c o n c e n t r a t i o n  i n  
l a r g e  s c h o o l s  i s  most ly  observed with SST r ang ing  from 2G°C t o  27OC 
and wind s t r e i igh t  fiom 1 t o  3 Beaufor t  (3 t o  10 k n o t s ) .  
3.6 - E f f e c t  of subsu r face  c o n d i t i o n s  
!le a l r e a d y  po in ted  out  t h a t  t h e  peak c a t c h  r a t e s  i n  t h e  17hOl2 
a r e a  a r 2  recorded  du r ing  September and October ,  when the  v a r i a t i o n ,  




d i e n t  i n  t h e  the rmoc l ine  i s  t h e  s t r o n g e s t .  Both f a c t o r s  undergo a 
d r a s t i c  r i s i n g  up t o  t h e  s u r f a c e  which i s  l i k e l y  t o  be r e l a t e d  wi th  
t h e  weakening of t h e  convergent  gy re  a t  t h e  beginning  of t h e  i n t e r -  
monsoon. 
A d d i t i o n a l  o b s e r v a t i o n s  a r e  t o  be n o t i c e d  when comparing t h e  
fislxi.ng results olstained i n  September and October 1987 wi th  t h e  sub- 
s u r f a c e  h y d r o l o g i c a l  f e a t u r e s  d e s c r i b e d  d u r i n g  MASCARO1 and INDOTHON 
U 1  c r u i s e s .  Catch p e r  s e t  a r e  p l o t t E d  by 30 n a u t i c a l  ini les  s t r a t a  
( f i g . 1 7 ) .  The most p r o d u c t i v e  grounds ( c a t c h / s e t  ) 100  t )  are  loca -  
t ed  between 3 O N  and 5 O N  r froin 50°E t o  5 4 O E .  The main b io -phys ica l  
c h a r a c t e r i s  t i c s  of t h i s  a r e a  a r e  : 
d u r i n g  3 f o r t n i g h t s ,  from 1 6 t h  of September u n t i l  3 1 s t  of October . ,  
- a s h a r p  r i s i n g  up of thermocl ine  from n o r t h  t o  s o u t h ,  a t  t h e  
souchern bound of t h e  gy re  ( c f .  f i g . 7 )  ; a s t r o n g e r  g r a d i e n t  was mea- 
su red  between 9"N and 10°N but  u n f o r t u n a t e l y ,  has  no t  been surveyed 
by t h e  s e i n e r s  ; 
- h igh  d i s s o l v e d  oxygen c o n t e n t  ( 4  ml/l a t  100 m dep th  - c f .  
f i g . 9 )  : 
- maxiinum zoop lank ton ic  biomass i n  t h e  l a y e r  0-200 m which i s  t h e  
common f e e d i n g  h a b i t a t  of tuna  ( c f .  f i g . 1 1 ) .  
Then, bu lk  of t h e  v u l n e r a b l e  r e s o u r c e  i s  c o n c e n t r a t e d  i n  a 
boundary h a b i t a t  where p h y s i c a l  paraineters  . vary  g r e a t l y  w i t h i n  
r a t h e r  s h o r t  d i s t a n c e .  Being ava re  of oxygen r equ i r emen t s  of t una  
(SfiARP, 1971) and e s p e c i a l l y  those  of s k i p j a c k  tuna  (above 3 ml/1) 
t h a t  c o n t r i b u t e s  t o  most of  t h e  ca tc l i ,  i t  i s  no t  s u r p r i s i n g  t o  
record  t h e r e  greater  c a t c h  r a t e s  than  i n  a j a c e n t  waters .  Cur ren t s  
d i s p e r s i n g  t h e  c o a s t a l  phy top lank ton ic  blooms gene ra t ed  by t h e  
upwill l ing,  and f r o n t a l  system c r e a t e d  on t h e  bounds of t h e  Somalian 
w h i r l  promo t e  t h e  development of t r o p h i c  cha ins .  
CONCLUS I O N  
This  s t u d y  h i g h l i g h t s  t h e  p o s i t i v e  e f f e c t  of u n s t a b l e  environ-  
mental  c o n d i t i o n s  on tuna  c o n c e n t r a t i o n  p r o c e s s  and t h e  f a c t  t h a t  
time l ags  must be  cons ide red  t o  e x p l a i n  some p a r t  of t h e  v a r i a b i l i t y  
of c a t c h  from h y d r o c l i m a t i c  e v o l u t i o n .  I n t e n s i t y  of v a r i a t i o n s  i n  
ocean ic  p r o g e r t i e s  by u n i t  of t ime ( i . e .  d e r i v a t i v e  f u n c t i o n s )  seem 
a p p r o p r i a t e . t o  unde r s t and  s h o r t  term a v a i l a b i l i t y  and v u l n e r a b i l i t y  
f l u c t u a t i o n s  of t h e  r e s o u r c e .  
The a p p l i c a t i o n  of t h e s e  f i n d i n y s  can c o n t r i b u t e  t o  t h e  de l imi-  
t a t i o n  of p o t e n t i a l  f i s h i n g  grounds i n  an ocean ic  r eg ion .  For exain- 
p l e ,  i n  t h e  Somali  b a s i n ,  i t  may be of g r e a t  i n t e r e s t  t o  monitor  t h e  
s u r f  ace  parameters  i n  r e a l  t ime by u s i n g  . s a t e l l i t e  i n f r a - r e d  measu- 
r e m i i t s  ( f o r  SST)  and d a t a  ga the red  by merchant s h i p s  and broadcas-  
~ X : ~ I L L Z S ~  . T h e  coinbii1ation of a i l  t h e s e  sou rces  e n a b l e s  t h e  est i ina-  
t i o i i  of t h e  a c t u a l  hi~drocli11~ati1: c b n i e x t  and t h e  conpar i son  wi th  
regard tc  tliz def i i ied optinial  eiiviroi,nm;?n t a l  trindcvi. I n  f i i i a i  maLy- 
s i s ,  a r e a s  c o n t a i n i n g  t h e  l iest  compronise lsetneen SST anci vrind spaecl 
can be i d e n t i f i e d  and t h e  in fo rma t ion  s e n t  t o  t h e  f l e e t .  
IIoviecsr, s e v e r a l  p a s t  expcr iments  have shown t h a t  a c c u r a t e  PTE- 
ui.ction of  t r o p i c a l  t u n a  f i s h i n g  grounds s t i l l  remains  uncoaple ted .  
The p r o p o r t i o n  of  ;rarialice no t  esplainecl  by models is impor t an t .  
Ex tens ive  r e s e a r c h e s  on bio-chemical  and p h y s i c a l  environìnent of 
tuna must go forward  t o  improve t h e  a c t u a l  knowledge, i n  o r d e r  t o  
havc a Iietter unders  t a n d i n g  of t h e  complex p r o c e s s e s  l e a d i n g  t o  huye 
a g r e g a t i o n  of p e l a g i c  f i s h e s  i n  c e r t a i n  r e g i o n s .  
i-... - t l ìxEucji!  t he  GTS ( f o r  s u r f a c e  d r i f t ,  wiiid and v e r t i c a l  thermal  
.. . . 
6 
REFERENCES 
DRUCE, J . G . ,  N. FIEUX and J .  GONELLA, 1 9 8 1 .  A n o t e  on t h e  
cont inuance  of  t h e  Soinali eddy a f t e r  tlic c a s s a t i o n  of t h e  southwest  
mo~isoon. Oceanol.  Acta ,  4(1): 7-9 . '\ 
FORSBERGH, E.D., and F.R. MILLER, 1978.  Sk ip jack  and t h e  wind 
mixing index .  Ariil.  Rep. IA'I'TC : 5 p .  
IATTC, 1 9 8 7 .  Annual Repor t ,  2 6 4  p .  
SHARP, G. D., 1 9 7 9 .  Areas of  p o t e n t i a l l y  s u c c e s s f u l l  
e r rp lo i ta t io i i  of t u n a s  i n  the Iiidiaii ocean - c r i  t h  emphasis on surf a c e  
methods.  Rome, FAO, IOFC/DEV/79/47 : 55 p .  
SWALLOW, J . C .  , e t  M. FIEUX, 1 9 8 2 .  H i s t o r i c a l  ev idence  f o r  two 
g y r e s  i n  t h e  Somali  c u r r e n t .  J. Nar. Res., 40 Suppl. :  747-55 
WYRTKI, K .  , 1 9 7 1 .  Oceanographic atlas of t h e  I n t e r n a t i o n a l  
I n d i a n  Ocean Exped i t ion .  Washington, D . C . ,  N a t i o n a l  Sc ience  





. i  





Boat-day f i s l i i ng  s t a t i s t i c s  ve r sus  wind s t r e n g t h  i n  
t h e  Somali b a s i n ,  from August t o  October (1983-87). 
33.9 50.3 14.9 2.2 1.5 0.3 
90.0 45.4 26.7 1.3 1.3 0.5 
57.8 34.3 19.5 1.5 1.3 0.1 
57.5 41.2 23.0 1.0 1.0 0.0 
Table 2 - Rerjression a n a l y s i s  lietween s u r f  ace c o n d i t i o n s  and 
c a t c h  r a t e s ,  i n  Soinali b a s i n  (1983-86). 
Spearman c o r r e l a t i o n  c o e f f i c i e n t  . 
Catch r a t e  1 : c a t c h  per  s e t  
Catch r a t e  2 : c a t c h  per s u c c e s s f u l  s e t  
a )  d i r e c t  c o r r e l a t i o n s  
a )  c r o s s  c o r r e l a t i o n s  
S i g n i f i c a n c e  levels : ( * I  2.5 % (** )  ( 1% 
F i g . 1  - Est imated  SST off  Somalia based on s a t e l l i t e  i n f r a r e d  d a t a  
(NOAA-9)  and i n  s i t u  measureinents, froin June  8 t o  1 5 ,  1985. 
\ 
JUNE 
I I ,  8 . 8  I 
o kts 
O" 
Fig.2 - Sur face  c u r r e n t s  observed by t h e  R . R . S .  Discovery i n  t h e  
Somali  b a s i n  i n  June 1 9 7 9 .  The c e n t e r  of each arrow i s  a t  
t h e  inidpoint  o f  o b s e r v a t i o n s  (from Swallow and F ieux ,  1 9 8 2 ) .  
6"- 10 
ZST I depth or mlxad layer 
ZCT : depth or max t h e m l  gradiant 
ulthln the thermocline l0.26*C/m) 
Fig .3  - Depth of mixed l a y e r  aiid d e p t h  of maximal thermal 
gradie l i  t v a r i a t i o n s  from August t o  November, 
i n  the  Somali  b a s i n .  
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Fig.4 - Physical and bio-chzmical characteristics 
of the Somalian upwelling. 
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ig.5 - SST ( i n  OC) messured in September-Octobzr 1987 
during XXSCAROI and IWDOTHOW O1 cruises. 
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Fig.6 - Tcpography of 20°C isotherm in September-October 1987. 
‘I 
Fig.7 - North-south tempera ture  sectLon from Cage Garda fu i  
(Somalia)  t o  Cape Arnbgr (Eadagascar  1 ! betweel 
September 1 5  arid 22. 1937 (MASCAROI c r u i s e ) .  
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F i a . 3  - Sur face  salinity (in part oer thousar ids)  rneasured 
in October 1987: d u r i n s  INDOTHON O 1  c r u i s e .  
1 
r 
. .  /:I;.:.. .: :., -, , ': .... 
2: ......... 
;4 ...-----of------- .... . - .I :;+-: . .,.-. .* .. 
50 E 55 E 60 E 
Fig .9  - Dissolvgd oxygen con ten t  ( i n  alil) a t  100 E dep th  
322sur2fI i n  Octobsr 1357, d u r i n g  IFIDOTHOI.?' O1 cru ise .  
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Fig.10 - N i t r a t e  c o n t e n t  ( i n  p t g / l )  a t  100 4 dEp:i? 
neasured  i n  October 1987, d u r i n g  IWGOTilCN O1 c r u i s e .  
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F i g . 1 1  - Tota l  b io inass  ( i n  g.dry/m2) i n  t h e  l a y e r  0-200 m 
measured  i n  O c t o b e r  1987, d u r i n g  INDOTHON O1 cruise .  
FORTNIGHT 
7x3 8 5  8 6  
F'iq.12 - P u r s e  s e i n e  CPUE by fortnight (average 1983-1987) 
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Fig.13 - D i s t r i b u t i o n  of f i s h i n g  s u c c e s s  
and s u r f a c e  para lne te rs  i n  the Somali  
b a s i n ,  from August t o  November (1983-19871 
Fig.14 - 
)---.. Wind streng(%-) 
............ D i s t r i b u t i o n  of  f i s h i n g  success 
and sur face  pa rame te r s  per 5 O  quadrangle  
i n  t h e  Sornali b a s i n ,  from August ..... 
t o  Noveinber (1983-1937). 
................ ................ 
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Fig.15 - D i s t r i b u t i o n  of occurelice of y i e l d  c l a s s e s  acco rd ing  
t o  wind s t r e n g h t  ( a )  and SST (b )  . (1983-1987) 
t 
Fig .  16 - Optimal envi ronmenta l  aindow 
of s u r f a c e  c o n d i t i o n s  c o n t a i n i n g  
t h e  h i g h e s t  c a t c h  r a t e s .  
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Total  catch = 8848 t No of sets = 313 C a t c h h e t  = 28.2 t 
a )  1 6  t o  30 Septeraber 1987 
Total  catch = 10257 t No of sets = 445 Catch/set  = 23 t 
m 
b) 1 to 15 October 1987 
Fig.17 - Catch per  s e t  (in tons1 pe r  30 n a u t i c a l  miles a r s a  
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Total catch = 7710 t . No of sets = 416 ,Catch/set = 18.5 t 
c) 1G.to 3 1  October 1957 
